Oedothorax gibbosus (Blackwall, 1841) is a dwarf spider characterized by the occurrence of a male dimorphism: the tuberosus male does not show any remarkable differentiation at the dorsal side of the carapace; the gibbosus morph on the contrary has a hunch behind the eye region, with a transversal groove densely clothed with hairs. These structures play an important function in the gustatorial courtship, being the uptake of secretions by the female from a body part of the male during courtship. Based on standardized survival experiments we show that tuberosus has a greater overall survival strength for different humidity levels than gibbosus. The two male morphs of O. gibbosus also have a different mating strategy: tuberosus as well as gibbosus copulate with virgin females, but gibbosus copulates significantly more with already inseminated females. Because of this strategy gibbosus secures its offspring notwithstanding the faster development, the longer adult life and the greater overall survival strength of tuberosus.
INTRODUCTION
Dwarf spiders (Erigoninae) are a genus and speciesrich subfamily, and together with the Linyphiinae make up the money spiders (Linyphiidae). In several genera of the dwarf spiders there is, besides clear differences in the copulatory organs (palps in males, epigynes in females), a pronounced interspecific differentiation in structures occurring on the dorsal side of the head region of the male (Schaible, Gack & Paulus, 1986; Hormiga, 2000) . Together with their associated exocrine glands these features play or are supposed to play a role in courtship and copulation (Bristowe, 1931; Schlegelmilch, 1974; Blest & Taylor, 1977) . They have been interpreted as an early species recognition system avoiding meaningless interspecific courtships and copulations (Huber, 1999) . The proven (De Keer & Maelfait, 1988) or supposed (Roberts, 1987) distinct intraspecific variation in these features in several spe-cies makes that explanation highly improbable. We could demonstrate that these structures indeed do not function as a precopulatory species recognition system (Vanacker et al., 2003a) .
Oedothorax gibbosus (Blackwall, 1841) is a dwarf spider for which, in all populations that we have sampled thus far and of which we know from the literature, two clearly distinct male morphs always occur together, although there is an interpopulation variation in their ratio of occurrence (Maelfait, De Keer & De Meester, 1990) . O. gibbosus is thus a species with a male dimorphism. In the gibbosus morph the carapace is raised into a hunch ( Fig. 1) . Between that protuberance and the eyes there is a transversal groove to which a large quantity of exocrine glands is associated (D. Vanacker, unpubl. data) . The tuberosus morph does not show any of these differentiations (Fig. 1 ). Only gibbosus is capable of performing a gustatorial courtship, this being the uptake of secretions by the female from a body part of the male during courtship; the female puts its chelicerae in the hairy groove of the gibbosus morph and displays a feeding behaviour during the courtship (Vanacker et al., 2003a) . Maelfait et al. (1990) and Vanacker, Maelfait & Baert (2001) found that this male dimorphism is genetically determined solely or chiefly by a locus with two alleles only expressed in the male sex. The stable coexistence of both male morphs implies that they should have an average equal fitness, in other words that they should be players in a mixed evolutionary stable strategy (mESS) (Maynard Smith, 1982) as has been shown or assumed for other male polymorphisms (Gross, 1985; Eberhard & Guitierrez, 1991; Shuster & Wade, 1991; Gross, 1996; Tomkins & Simmons, 1996; Schlinger, Greco & Bass, 1999; Simmons, Tomkins & Hunt, 1999) . To be able to model mESS we compare both morphs for several fitnessrelated characters. We already found that tuberosus has a shorter juvenile development (Vanacker et al., 2001) and lives longer in a high humidity environment; this is true in food rich as well as foodless conditions (Vanacker, Maelfait & Hendrickx, 2003b ). Hereafter we compare two more fitness-related properties of the two morphs: survival at different humidity levels and their mating strategies.
MATERIAL AND METHODS
The male dwarf spiders used for the survival experiments originated from the first generation of two different laboratory spider cultures; those for the multiple mating experiments from the second generation of another culture. The parents of the spiders for the survival experiments were caught on October 27, 2001 and December 1, 2002, while those for the multiple mating experiments were caught on April 29, 2002, in an alder marsh in the public nature reserve 'Het Walenbos' at Tielt-Winge (50∞55¢ north, 4∞51¢ east) in Belgium. Spiders were reared in a climatic chamber with a constant temperature of 20∞C and a photoperiod L : D of 16 : 8; the experiments were also carried out in this chamber. Each spider was placed individually in regularly moistened vials (5 cm diameter and 2.5 cm height) with a thin bottom of plaster. Before the second moult the spiders were fed with an overabundance of Sinella curviseta springtails; after the second moult they were given three fruit flies per day. To restrict individual variation between males, all spiders were reared under the aforementioned normal conditions, similar to their parents, and two days after the last moult to maturity they were used for the experiment.
MALE MORPH SURVIVAL AT DIFFERENT HUMIDITY

LEVELS
To test for a possible interaction between adult phase duration and humidity conditions of the environment we compared the survival of a number of replicates of males of both morphs at humidity levels 0, 33, 66 and 100%. This was obtained by keeping the spiders in small, perforated plastic vials (5 cm diameter and 2.5 cm height), with a pair placed in larger vials (11 ¥ 11 ¥ 6 cm) with inorganic salt solutions creating the required air humidity above them (Hodgman, 1951) [six tuberosus and six gibbosus at 0% humidity 
A B
(dry CaCl 2 grains), seven tuberosus and six gibbosus at 33% humidity (saturated solution of CaCl 2 .6H 2 O), seven tuberosus and six gibbosus at 66% humidity (saturated solution of NaNO 2 ) and ten tuberosus and ten gibbosus at 100% humidity (pure water)]. The males were fed with an excess of fruit flies and survival was checked every half hour.
MATING STRATEGIES
In order to compare the two morphs in their mating strategies the following two experiments were set up. First, on each of six consecutive days a male recently moulted to adulthood was placed for a fivehour session (between 1 and 6 pm) in a vial in which a female (virgin at the start of the experiment) was installed in its web. The occurrence of copulations was noted. This was carried out for each morph and using ten replicates, all run in parallel.
Secondly, the same experiment as above was carried out, except that after every two days another virgin female replaced the former female. That meant that a male could in total copulate with three different females. Here 60 replicates were run in parallel, 30 replicates for each morph. Again, the numbers of copulations occurring during each daily session were noted.
We used one-and two-way ANOVA and Scheffé's test as post hoc comparison; data were always transformed logarithmically. Fisher's exact test was used to compare proportions.
RESULTS
SURVIVAL EXPERIMENTS
Survival at different humidities for both morphs is shown in Figure 2 . For all humidities tuberosus survives significantly better than gibbosus: there is no interaction between male morph and humidity.
MULTIPLE MATING EXPERIMENTS
The numbers of observed copulations per two consecutive days (two 5 h sessions) with virgin and nonvirgin females are given for both morphs in Table 1 . In experiment 1 (almost) all males of both morphs copulate with the virgin female in the first two days. In contrast to what happens in gibbosus, in tuberosus almost no copulations occur with already inseminated females. According to Fisher's exact test on the total numbers of both types of copulations, the two morphs differ significantly in that respect (P = 0.0112). In Figure 2 . Survival time of both male morphs at four different humidity conditions (black: tuberosus; grey: gibbosus). The tuberosus morph always survives longer than the gibbosus morph as shown by one-way ANOVA tests (0% humidity: F 1,10 = 5,00, P = 0.037; 33% humidity: F 1,11 = 22,05, P < 0.005; 66% humidity: F 1,11 = 5,52, P = 0.038; 100% humidity: F 1,18 = 7,95, P = 0.011) and twoway ANOVA test (male morph: F 1,50 = 34,31, P < 0.005; humidity: F 3,50 = 103,37, P < 0.005; interaction: F 3,50 = 0,70, P = 0.556). Table 1 . Number of copulations per two days (two 5 h sessions), and in total in two 6-day experiments. The days are indicated per pair (1-2, 3-4 and 5-6). In experiment 1, ten males were introduced six times over 5 h to initially virgin females. In experiment 2, the 30 males of each morph were introduced to virgin females at the start, after 2 days and after 4 days Total  16  2  2  20  28  33  22  83  tuberosus  Virgin female  9  9  21  27  23  71  Non-virgin female  1  1  2  1  3  6  Total  9  1  0  10  23  28  26  77 experiment 2, in which after two days the males were introduced to vials occupied by new virgin females, the total numbers of copulations per two days do not differ very much between the morphs. The ratio of nonvirgin vs. virgin inseminations differs significantly, however, between the two morphs (Fisher's exact test; P = 0.0001).
DISCUSSION
A possibility to compensate for the observed longer adult phase of tuberosus at 100% humidity (Vanacker et al., 2003b) would have been that gibbosus survives better in drier conditions. Micro-spatial variation in the humidity of the habitat would then have allowed compensatory better survival for each morph. For the four tested humidity levels in this experiment, tuberosus always has a higher survival than gibbosus; this strongly suggests that this type of compensation most probably does not occur.
The results of the mating experiments show that both morphs clearly differ in mating strategy. Both male morphs are equally sexually active but tuberosus is only very rarely accepted by a non-virgin female, while gibbosus is very often accepted. These pronounced higher chances for gibbosus males to mate with a non-virgin female most probably result from the attractiveness of a nutritious substance excreted in the groove on the front of the head of the gibbosus male (Vanacker et al., 2003a) . This excretion makes the female grasp the male with her mouthparts. In that position the male palps can easily reach the female copulatory organ, allowing (another) insemination. So that the high propensity for multiple mating renders a relative increase in fitness to gibbosus, it requires that the sperm utilization after multiple mating involves a high proportion of offspring sired by the last male. As has been made clear by Uhl (2000) , first or last sperm precedence in spiders is a highly idiosyncratic property, which cannot be predicted by phyletic relatedness or genital morphology. The sperm priority pattern has to be determined experimentally for each species (morph). This is the next step in the development of a mESS model for O. gibbosus.
